comorbidities, general physical health according to the ASA classification, and cognitive function according to the SPMSQ. A higher ASA score indicates an increasingly severe systemic disease and a lower SPMSQ score indicates an increasingly severe cognitive dysfunction. We used Cox proportional hazard models and classification trees to identify the factors associated with mortality. The predictive model was created based on factors that were significantly associated with death and all readily accessible upon admission. Results: The mortality rate during the acute hospitalization period was 4%, at 4 months 16%, and at 24 months 38%. The most prominent factors associated with mortality were high ASA scores, low SPMSQ scores, high age and male gender. The SPMSQ score provided additional information about the survival time, compared to when the ASA score was used alone. Conclusion: The combined use of the ASA classification for assessing physical health and the SPMSQ for assessing cognitive function effectively identified hip fracture patients with an increased mortality rate. We present a predictive model including age, gender, ASA, and SPMSQ that can be used to assess the mortality risk after hip fracture surgery.
Introduction
Hip fracture patients are reported to have an increased mortality rate compared to the general population [1] [2] [3] . Previous studies have also indicated that hip fracture patients with impaired cognitive function have a further increased risk for general and fracture-related complications [4] as well as a worse functional outcome and an increased mortality rate [5] . Moreover, a recent study demonstrated that age, male sex, and the presence of three or more comorbidities on admission were associated with a high rate of postoperative complications and an increased mortality rate [6] . In order to be able to reduce the morbidity and mortality after a hip fracture, our efforts to identify the patients at risk already upon admission to the hospital need to be increased. For such a risk assessment, robust, validated, and reproducible criteria are mandatory. Furthermore, these criteria must be based on factors that are easy to assess in the acute clinical setting in routine health care.
The American Society of Anesthesiologists (ASA) classification [7] for assessing patients' general health and the Short Portable Mental Status Questionnaire (SPM-SQ) [8] for assessing patients' cognitive function fulfill these requirements and both instruments have been evaluated separately in clinical trials and have been shown to identify hip fracture patients with increased mortality rates [5, 9, 10] . However, the combined use of the ASA classification and the SPMSQ in order to identify patients at risk has not been evaluated previously in a large prospective cohort study of consecutively included hip fracture patients.
The primary aim of this study was to identify factors that are associated with mortality within 24 months and are possible to assess upon admission to the hospital. The secondary aim was to evaluate the combined use of the ASA classification and the SPMSQ as tools to identify patients with a high risk of mortality and to create a predictive model to assess the mortality risk.
Methods
All consecutive patients with an acute hip fracture admitted to any of the four major university hospitals in Stockholm County during the period from January 1 to December 31, 2003, were included in a prospective cohort study. These hospitals have a catchment area serving about 1.4 million of the 1.9 million people living in Stockholm County. All patients were treated according to the protocols of the participating hospitals. Trained independent research nurses, not involved in the individual patients' medical care or nursing, assessed the patients at baseline and collected all data, including mortality, during the following 24 months. The hip fractures were classified by orthopedic surgeons who were well experienced in hip fracture surgery. The ASA classification was made by the attending anesthesiologist before surgery. The study was conducted in conformity with the Helsinki Declaration and was approved by the local Ethics Committee.
At baseline, i.e. at admission to the hospital ward, the patients' gender, age, type of hip fracture, comorbidities, ASA grade, and cognitive function according to the SPMSQ were recorded.
The hip fractures were classified as femoral neck fractures, trochanteric fractures or subtrochanteric fractures. Femoral neck fractures were further classified as undisplaced or displaced [11] . Trochanteric fractures were classified according to Jensen-Michaelsen's classification as stable (J-M 1 and 2) or unstable (J-M 3-5) [12] . The subtrochanteric fractures were not further subclassified [13] .
The patients' smoking habits were recorded as current smoker or non-smoker.
The following comorbidities according to the Standardised Audit of Hip Fractures in Europe [14] were recorded: cardiovascular disease, stroke, respiratory disease, renal disease, diabetes, rheumatoid disease, Parkinson's disease, and malignant disorders.
The patients' general physical health status was assessed according to the ASA classification [7] . ASA 1 indicates a completely healthy person; ASA 2, a person with a mild systemic disease; ASA 3, a person with severe systemic disease that is incapacitating; ASA 4, a person with an incapacitating disease that is a constant threat to life; ASA 5, a moribund patient who is not expected to live 24 h with or without surgery. For the purpose of the analysis, the ASA results were further categorized as ASA 1 -2, 3, and 4-5.
The patients' cognitive function was assessed with the SPMSQ [8] . The SPMSQ is a 10-item test that categorizes the patient as lucid (8-10 correct answers), as having mild to moderate cognitive dysfunction (3-7 correct answers), or as having severe (0-2 correct answers) cognitive dysfunction. The patients' cognitive status according to the SPMSQ was assessed on inclusion, which was at admission to the orthopedic ward and always before surgery.
The mortality during the following 24-month period after the fracture was recoded using the Swedish personal registration number system and presented for the acute hospitalization period, 4 months and 24 months.
Statistical Methods
We used Cox proportional hazard models to identify factors associated with mortality within 24 months after arrival at the hospital [15] . Our model strategy was as follows: first, we used univariable models to study the crude association between all individual factors. Second, we used multivariable models to study the adjusted associations. We divided the factors into demographic and preoperative factors, as listed in tables 1 and 2 . We entered the demographic factors in a stepwise forward procedure and retained those that showed a relationship with mortality with a Wald 2 statistic of p ! 0.05. We then added the preoperative factors in the same way. Finally, to compare the crude and adjusted associations, each factor that was not included in the final model was added one at a time. Therefore, we were able to study the association between the preoperative factors and mortality adjusted for the demographic factors known before the operation. We report crude and adjusted hazard rate ratios (HRs) with their 95% confidence intervals (CIs). We also used classification trees to identify the factors associated with mortality within 24 months to describe groups of patients with different risks of dying after hip surgery. We used the CHAID algorithm to build the tree [16] . A CHAID analysis starts with all data in one group. Each possible split on each factor is considered to find the split that leads to the strongest association with the dependent factor: deceased within 24 months. Independent factors are listed in tables 1 and 2 . The resulting groups were split until one of the following stop criteria was reached: tree depth was limited to three levels, no group with less than 50 patients was formed and no split with a Bonferroni adjustment of less than 0.05 was executed.
To describe the patients' survival time according to different factors, the Kaplan-Meier method was used to calculate cumulative event rates of being alive.
We created a predictive model to identify patients with an increased risk to die based on the factors that were significantly associated with death and were clinically easy to use. To describe the predictive model's ability to classify the patients correctly, we calculated the sensitivity (true deceased, i.e. the proportion of patients predicted to be deceased among those that did die) and specificity (true alive, i.e. the proportion of patients predicted to be alive among those that were alive). In an ideal model, both sensitivity and specificity should be high. To evaluate the ability of the model to correctly classify the patients that would die or live 24 months after the surgery, i.e. to discriminate, we calculated the area under the receiver operating curve (ROC; trapezoid rule). An area under the curve equal to 0.5 suggests no discrimination, 0.7 to ! 0.8 is acceptable, 0.8-0.9 excellent, and 1 0.9 outstanding discrimination [17] . All statistical analyses were performed using SPSS 15.0 (SPSS Inc., Chicago, Ill., USA).
Results

Baseline Demographics and Comorbidities
During the study period, a total of 2,213 patients with a hip fracture were admitted to the four participating hospitals. Patients with pathological fractures (n = 71) and those under the age of 66 (n = 198) were excluded, leaving 1,944 patients in the study population.
Demographic data for all patients are displayed in table 1 and 2 . The overall mean age was 84 years (SD = 6.9, range 66 -103 years); the mean age for women was 84 years (SD = 6.7, range 66-103 years) and, for men, 82 years (SD = 7.3, range 66-101 years). Seventy-five percent of the patients were females. Fifty percent of the fractures were femoral neck fractures: 43% trochanteric and 7% subtrochanteric. An assessment of the ASA classification was available for 1,924 (99%) patients. Thirty-seven percent had an ASA score of 1-2, 54% a score of 3, and 9% a score of 4-5. Only one patient in the study was classified as ASA 5.
An assessment of cognitive function according to the SPMSQ was available for 1,647 (85%) of the included patients, 45% of whom were lucid (SPMSQ 8-10), 32% had mild to moderate cognitive dysfunction (SPMSQ of 3-7), and 24% had severe cognitive dysfunction (SPMSQ 0-2). Consequently, data on cognitive function were missing for 297 (15%) patients. Among these, 137 (46%) had been diagnosed earlier as suffering from dementia. The reason for the lack of data on the SPMSQ was that individual research nurses opted to abstain from assessing the SPMSQ in some patients with previously diagnosed dementia. There were also some patients who, according to the nurse, were not in an optimal condition, e.g. due to pain medication, to answer the questionnaire.
Eighty-three percent of the patients reported at least one comorbidity. Thirty-nine percent had one comorbidity, 30% had two, and 13% had three or more comorbidities.
Factors Associated with Mortality within 24 Months
The mortality rate during the acute hospitalization period was 4% (71/1,944), at 4 months 16% (310/1,944), and 38% (732/1,941) at 24 months. Between the 4-month assessment and the 24-month assessment, 2 patients had moved abroad and 1 opted to abstain from further participation in the study. These 3 patients were excluded from the 24-month analysis (n = 1,941).
The factors associated with the 4-and 24-month mortality are reported in tables 1 and 2 , respectively.
The crude analysis showed a strong relationship between the 4-month mortality and a high (3 and 4-5) ASA score (HR 1.8; 6.5) as well as a low score (3-7 and 0-2) on the SPMSQ (HR 2.9; 5.8; table 1 ). This relationship was attenuated but still high in the adjusted model.
Other factors associated with a higher risk of mortality within 4 months after the hip fracture were male gender and age over 80 years.
The factors associated with the 24-month mortality were similar to those after 4 months ( table 2 ). The crude analysis showed a strong relationship between mortality and a high (3 and 4-5) ASA score (HR 2.2; 3.4), as well as a low score (3-7 and 0-2) on the SPMSQ (HR 2.0; 3.4). Similar to the 4-month analysis, this relationship was attenuated but still high in the adjusted model. Since also the number of comorbidities was significantly associated with the 24-month mortality after adjustments for age, gender, ASA and SPMSQ, an adjustment for the number of comorbidities was included in the multivariable analysis.
The classification tree analysis indicated that the most important factors for mortality among elderly patients within 24 months after the hip fracture were the combined ASA and SPMSQ scores ( fig. 1 ). The patients with the lowest mortality, 11%, had ASA scores of 1 -2 and SPMSQ scores of 8 -10. In contrast, the group with the highest mortality, 86%, consisted of patients with a high ASA score and a low SPMSQ score. Furthermore, patients with missing values on the SPMSQ were associated with a higher mortality than those who had available scores.
A low ASA and a high SPMSQ score were associated with long survival time ( fig. 2 ) .
Predicting the Risk of Death
We used age, gender, ASA, and SPMSQ as factors in the predictive model. The risk for a patient to die within 24 months after the surgery was calculated from the estimated HRs for this model ( table 2 ) For example, the risk for an 80-to 89-year-old male with intact cognitive function (SPMSQ 8-10) and no or mild disease (ASA 1-2) was: Table 3 shows the estimated risk for patients with different characteristics. It shows that the patients' physical (ASA) and mental health (SPMSQ) affect the risk of dying more than age and gender.
Evaluation of the Predictive Model
The ROC shows the possible combination of sensitivity and specificity for predicting the risk of death at different cut-off points ( fig. 3 ) . For example, a cut-off point of 0.18 implies that patients with an estimated risk above this point were predicted to die within 24 months while those with a risk equal to or below 0.18 were predicted to be alive. This classification successfully predicted 94% (527/562) of all patients who died (sensitivity) and 33% (348/1,069) of the patients who were alive (specificity). With a cut-off point of 0.53, the classification predicted 35% (194/562) of all patients who died (sensitivity) and 92% (983/1069) of the patients who were alive (specificity).
To assess the contribution of ASA and SPMSQ to predicting the risk of death compared to a prediction based solely on gender and age, we measured the area under the ROC for these models ( fig. 3 ). The area under the curve increased significantly from 0.64 (95% CI: 0.61 -0.67) to 0.74 (95% CI: 0.71 -0.76) when both ASA and SPMSQ were used, compared to when only age and gender were used.
ASA and SPMSQ had a similar predictive ability when used together with age and gender. The area under the curve was 0.71 (95% CI: 0.68-0.74) for ASA and 0.70 (95% CI: 0.67-0.72) for SPMSQ.
Discussion
This large prospective cohort study of elderly patients with hip fractures showed that an assessment of the patient's general physical status according to the ASA classification along with an assessment of the patient's cognitive status according to the SPMSQ at the time of admission could identify patients with a high risk of mortality. The combined use of the two instruments was more effective than the use of a single instrument. A high number of comorbidities, age over 80 years, and male gender were also associated with a higher mortality rate.
The ASA classification is a widely used instrument for risk assessment before anesthesia and surgery and has been shown to be useful in clinical practice [7] , although it has been criticized for low scientific precision and inconsistency regarding classification [18] . However, the ASA classification is well established among anesthesiologists and is easy to use in clinical practice and was therefore chosen as one of the predictive factors in our study. Our results showed that there was a clear relationship between the ASA score and the mortality rate, which is in conformity with previously published studies [9, 10] . Even though the number of comorbidities and the ASA score can be considered to be two ways of describing the patient's current health status, our multivariable analysis implied that the ASA score is more strongly related to mortality -perhaps because it focuses on the severity of the patient's condition [19] . Therefore, the ASA score seems to be useful not only for surgery-related short-term mortality assessments, but also for predictions of the long-term mortality in a hip fracture population.
We have previously highlighted the problems involved in making a correct assessment of the patient's cognitive function without a validated instrument [20] and we have also recently shown that the use of the SPMSQ at admission to the orthopedic ward could identify patients with severe cognitive dysfunction and predict their poor outcome with regard to walking ability, ADL function and mortality [5] . In the present study, we have continued our use of the validated SPMSQ questionnaire as the assessment tool because it is both quick and easy to use -im- portant factors in an emergency care facility [8, 21, 22] . The findings of the present study confirm our previous results [5] showing that patients with a low SPMSQ at admission had a significantly higher mortality rate than those with normal cognitive function.
It is important to keep in mind that cognitive dysfunction is a symptom seen both in dementia and delirium. Although the SPMSQ gives good information about the patient's present cognitive status, it is of major importance for the patient's future care to diagnose as soon as possible the underlying cause of the cognitive dysfunction. However, it is not always possible to obtain this information in the acute setting, i.e. before surgery. According to previous studies, a delay of the operation of more than 48 h is associated with an increased complication and mortality rate [23, 24] . Therefore, giving priority to a swift appraisal of hip fracture patients is of major importance and a delay of surgery should be avoided.
The reason why patients with impaired cognitive function have an increased mortality rate is probably multifactorial. Firstly, as shown in our study, impaired cognitive function is associated with poorer general health. Moreover, recent data indicate that patients with cognitive impairment do not have the same possibilities for adequate rehabilitation as cognitively intact patients [25] . However, by adopting a multifactorial intervention program, it may be possible to reduce the complication rate and shorten the hospital stay [26] . Whether a different rehabilitation regimen may reduce the mortality rate remains to be analyzed.
Our analysis indicated that the combined preoperative use of the ASA classification and the SPMSQ identified patients at risk more effectively than when each of the instruments was used separately. In particular, patients with a severe or incapacitating disease (ASA 3 -4) combined with severe cognitive impairment (SPMSQ 0 -2) have a high mortality rate and should be identified early on during the acute hospitalization to prevent fatal complications, if possible. The ASA and the SPMSQ scorings are both quick and easy to perform in clinical practice and can serve as a valuable aid in the planning of the operative treatment, medical care, nursing, and rehabilitation of the individual patient.
Advanced age and male gender are known risk factors for an increased mortality rate after a hip fracture [5, 6] , but, used as predictors alone, they have limited ability to predict death. Based on our results, the outcome seems to be more dependent on the patient's physical and mental health. However, when age and gender are used in combination with ASA and SPMSQ, the ability to predict the risk of death is improved. As previously demonstrated, an increasing number of comorbidities was associated with a higher mortality rate [6] . However, we opted not to include the number of comorbidities in the predictive model. Assessing the number and relevance of comorbidities is difficult, especially in the acute setting. Additionally, the inclusion of comorbidities in the model did not improve its predictive value.
There are studies reporting the role of preoperative functional status in predicting the mortality for patients with hip fractures [27] . We opted not to include the preoperative functional status in our analysis. Although this information has proven its value in clinical studies it may be difficult to acquire useful information regarding functional status in the acute setting of routine health care, especially in patients with severe cognitive dysfunction.
Although it is well known that patients with poor general health (high ASA score) and cognitive dysfunction (low SPMSQ score) have a higher mortality rate, this information is rarely used in clinical practice to identify patients at risk. Our model combining four predictors, all readily accessible upon admission, can be used by clinicians as a tool to assess the individual patient's mortality risk. Our evaluation of the model indicates that it is most accurate in predicting the mortality risk for patients with the highest and lowest risk levels, i.e. those with an increased risk to die and those with a high chance of survival. However, it is a weakness that the model has not yet been validated in another patient cohort. Although our model showed an acceptable predictive ability indicating good internal validity, the external validity is unknown and needs to be evaluated in future studies.
Another weakness of the study is the missing data for the SPMSQ in 15% of the patients. However, nearly 50% of the patients with lacking data had previously been diagnosed as suffering from dementia. A consequence of the lacking data is that we have probably underestimated the association between a low SPMSQ and the mortality rate since patients with dementia are known to have a low SPMSQ [8] as well as a shorter life expectancy [5, [28] [29] [30] . This assumption is supported by the tree analyses in which patients with missing data for the SPMSQ had a higher mortality rate than those with available scores.
The major strength of this study is its multicenter design, allowing the inclusion of a large number of consecutive hip fracture patients from a well-defined population. The quality of the data was generally high owing to the fact that the data were collected by trained research nurses according to a validated protocol (Standardised Audit of Hip Fractures in Europe). Moreover, thanks to the Swedish personal registration number system, we were able to obtain complete mortality data, except for 3 patients (1.5‰) at the 24-month assessment. Therefore, we have good reason to assume that our conclusions are amenable to generalization in this patient population.
In summary, the combined use of the ASA classification for assessing physical health and the SPMSQ for assessing cognitive function made it possible to effectively identify hip fracture patients with an increased mortality rate. We strongly recommend that the ASA classification be combined with an assessment of cognitive function. The results of this study indicate that the SPMSQ questionnaire is a suitable instrument for this purpose. Moreover, we present a predictive model including age, gender, ASA, and SPMSQ that can be used to assess the mortality risk after hip fracture surgery.
